Abstract The aim of this study was determine the effectiveness of a mindfulness-based stress-reduction (MBSR) program on quality of life (QOL) and psychosocial outcomes in women with early-stage breast cancer, using a three-arm randomized controlled clinical trial (RCT). This RCT consisting of 172 women, aged 20-65 with stage I or II breast cancer consisted of the 8-week MBSR, which was compared to a nutrition education program (NEP) and usual supportive care (UC). Follow-up was performed at three post-intervention points: 4 months, 1, and 2 years. Standardized, validated self-administered questionnaires were adopted to assess psychosocial variables. Statistical analysis included descriptive and regression analyses incorporating both intention-to-treat and post hoc multivariable approaches of the 163 women with complete data at baseline, those who were randomized to MBSR experienced a significant improvement in the primary measures of QOL and coping outcomes compared to the NEP, UC, or both, including the spirituality subscale of the FACT-B as well as dealing with illness scale increases in active behavioral coping and active cognitive coping. Secondary outcome improvements resulting in significant between-group contrasts favoring the MBSR group at 4 months included meaningfulness, depression, paranoid ideation, hostility, anxiety, unhappiness, and emotional control. Results tended to decline at 12 months and even more at 24 months, though at all times, they were as robust in women with lower expectation of effect as in those with higher expectation. The MBSR intervention appears to benefit psychosocial adjustment in cancer patients, over and above the effects of usual care or a credible control condition. The universality of effects across levels of expectation indicates a potential to utilize this stress reduction approach as complementary therapy in oncologic practice.
Introduction
Emotional challenges facing women coping with the diagnosis and the treatment of breast cancer and the effect of such emotions on quality of life (QOL) have been well described [1] [2] [3] . Thus, a stress-management intervention makes sense in assisting women who are suffering from this illness. Various studies have shown benefit with an mindfulness-based stress-reduction (MBSR) intervention for depression [4] , anxiety [5] , and chronic pain [6] , all of which are relevant in dealing with breast cancer.
The argument has been made that for the field to progress, it is essential to identify specific intervention-outcome associations and to identify where in the process from diagnosis through treatment and post-treatment recovery such effects can be expected [7] . Interventions for early-stage breast cancer patients have frequently combined elements of education/information, social and emotional support, stress management techniques, problemsolving, and other cognitive-behavioral therapy techniques [8] [9] [10] [11] . More recently, interventions using MBSR also have been tested in cancer patients [12] . Such broad-based interventions may be important in addressing the diversity of problems noted above. However, to move psychosocial intervention research forward, it also seems important to distinguish intervention outcomes specific to a particular approach versus more non-specific effects of information or contact time with professionals.
To the best of our knowledge, only four breast cancer studies used a stress management approach with a randomized controlled design. Lengacher et al. [13, 14] compared an abbreviated MBSR intervention to a 6-week wait-list control group with 6 weeks of follow-up in stage I-III breast cancer patients and found significant benefit for QOL measures of physical functioning, depression, trait anxiety, and fear of recurrence. Shapiro et al. [15] looked at sleep quality with an MBSR intervention compared to a ''free choice'' usual care control and follow-up to 9 months; the results were an improvement in sleep quality, but not efficiency. However, the study participants were inadvertently informed of their group assignment before baseline data collection, and a quasi-experimental design was used. After an initial 3-month follow-up study, Antoni et al. [16] [17] [18] used a 10-week cognitive-behavioral stress management intervention compared to a one-day version with follow-up over 1 year and found decreased intrusive thoughts, anxiety, and emotional distress. In summary, these studies were limited using a wait-list control, lack of attention control for non-specific therapist effects, short follow-up, and inadvertently revealing study group assignment before baseline data collection.
The current study was designed to overcome the limitations of previous studies in testing the psychosocial and QOL outcomes using a short-duration MBSR-based program in women with early-stage (stage I or II) breast cancer. Subjects participated in the University of Massachusetts MBSR, which has formed the basis of the field of mindfulness-based stress reduction interventions [5, 6, [19] [20] [21] [22] . MBSR was delivered in this randomized controlled clinical trial (RCT) by comparing MBSR to two control conditions: (1) a conventional usual care (UC) condition; and (2) a group nutrition education program (NEP) designed to be equivalent to the MBSR in terms of non-specific aspects of attention; with respect to contact time, elements of group support, and general credibility regarding potentially improving health outcomes. A credible active control condition is important, as it allows us to examine the specific effects of MBSR, as distinct from non-specific effects of increased attention. 
Methods

Eligibility
Women eligible to be in this study had newly diagnosed (within the past 2 years) stage I or II cancer of the breast; were between 20 and 65 years of age; were capable of understanding informed consent in English; planned to maintain residence in the study area for at least 2 years following recruitment; were Eastern Cooperative Oncology Group performance status 0, 1, or 2 (i.e., able to function normally [50% of the time); were willing to accept randomization; and had a working home telephone and were willing to be contacted. Specific exclusion criteria included a previous diagnosis of cancer in the past 5 years, except non-melanoma skin cancer; current chronic substance abuse (either drug or alcohol); and past or present psychiatric or neurologic disorder that would preclude or severely limit participation in the study.
Description of the randomization conditions
Once enrolled, women were randomized into one of the three study conditions: MBSR, NEP, or UC. Women were block randomized by stage of disease (I or II), by age (±5 years) within menopausal group, and by institution.
The MBSR is a psychosocial intervention taught by highly trained instructors who are mental health clinicians and long-term meditation practitioners, which involves training in meditation and yoga [20] . Mindfulness can be defined as the practice of purposefully non-judgmentally paying attention in the present moment [20] . MBSR includes elements consistent with cognitive-behavioral therapy, group support, experiential focus, and a strong educational orientation.
As delivered in BRIDGES, the MBSR [20] consisted of three parts: (1) an introductory meeting for BRIDGES-only participants; (2) the 8-week standard MBSR intervention given to a heterogeneous group of patients with a variety of medical/psychiatric disorders, consisting of seven weekly 2.5 to 3.5-hour sessions and one 7.5 hour intensive silent retreat session in the 6th week; and (3) three monthly 2-hour sessions for BRIDGES-only participants following completion of the MBSR, focused on support, sharing and practice.
The NEP was a group nutrition education intervention, involving education and group meal cooking, focused on dietary change, i.e., a low-fat diet, using principles of social cognitive theory [23] [24] [25] [26] and patient-centered counseling [27, 28] . The NEP was led by registered dietitians, and contained none of the key elements of MBSR except group support. Both interventions were matched for total contact time and homework commitments. Women randomized to UC received no formal intervention, but were allowed to participate in activities of their choice other than MBSR or the NEP. They received monthly phone calls to provide support and discover what other activities, if any, in which the women chose to participate. The MBSR and NEP interventions were delivered at a single site in Worcester, MA.
Measures
Data used in this report were obtained from self-assessment questionnaires, medical chart review, and anthropometric measurement. Information was obtained on study participants at four points: recruitment into the study (baseline); after completion of the interventions (4 months from beginning the intervention); at 12 months, and 24 months from beginning the intervention.
Psychological variables were assessed using standardized and validated self-administered questionnaires. The primary outcomes were (1) cancer-specific QOL, as measured by the breast cancer version of the Functional Assessment of Cancer Therapy (FACT-B) [29] [30] [31] [32] , using the overall scores and additional spirituality items; and (2) coping mechanisms, measured by the Dealing with Illness questionnaire [33] . This coping measure has been used with both cancer and AIDS patients and focuses on three broad dimensions of coping strategies: (a) active behavioral coping; (b) active cognitive coping; and (c) avoidance coping.
Secondary outcomes were more specific measures of emotional distress, as well as personality and coping dimensions. Indices of distress included the following:
• Depressive symptoms, measured by the Beck Depression Inventory-I (BDI) [34] , a widely-used 21-item self-report questionnaire with a range of 0-60. Scores in the range of 10-18 are generally seen as indicating mild depressive symptoms, with higher scores indicating more severe symptoms.
• Anxiety symptoms, measured by the Beck Anxiety Inventory (BAI) [35] . This 21-item self-report inventory measures the presence and severity of anxiety symptoms. Scores range from 0 to 60, with scores indicating mild anxiety occurring in the range of 9-15, and higher levels with higher scores.
• General distress, measured by the Symptom Checklist-90-Revised (SCL-90-R) [36] . This measure has a General Severity Index (GSI), as well as ten symptom scales, including depression, anxiety, hostility, paranoia, and phobic anxiety.
Coping, subjective social support, and personality dimensions were measured by the following questionnaires.
• Self-esteem: The Rosenberg Self-Esteem Scale [37] is a widely used ten-item measure of self-esteem. Scores range from 0 to 30, with scores below 15 indicative of lower self-esteem.
• Subjective social support was measured using the revised UCLA Loneliness Scale [38] , which measures the extent to which people believe they have support and feel understood.
• Cancer-specific coping and emotional responses were measured by the short form of the Mental Adjustment to Cancer Scale (Mini-MAC) [39] . This questionnaire has often been used in cancer patients and measures five specific subscales of helpless-hopeless, anxious preoccupation, fighting spirit, avoidance, and fatalism responses to cancer.
• Resilience in the face of adversity and stress were measured by the 13-item Sense of Coherence Scale (SOC) [40] [41] [42] . This measure has been predictive of improved outcomes over time in terms of health and general well-being. The two subscales measure meaningfulness and comprehensibility.
• Degree of emotional control was measured by the Courtauld Emotional Control Scale (CEC) [43, 44] . This 21-item self-report questionnaire measures the extent of emotional control in patients with health problems. The total score ranges from 21 to 84, with higher scores indicating a greater degree of emotional control or emotional suppression. Subscales measure the extent to which an effort is made to suppress feelings of anger, anxiousness, or unhappiness.
To estimate compliance, adherence questions were asked to the MBSR group in class as well, and during unscheduled phone calls at 6 weeks and 10 months. To assess general expectancy, each participant was asked to complete a questionnaire regarding expectation of the anticipated helpfulness of the study arm into which she was randomized. The summary score was normally distributed, allowing classification of subjects above the mean to be classified as having high expectation and below the mean as having low expectation.
Hypotheses
As noted above, a wide range of psychosocial and QOL outcome variables were used to attempt to capture the specific effects of MBSR as compared to adopted the UC and active (NEP) control conditions. For the primary outcomes, it was hypothesized as follows:
1. QOL scores (FACT-B indices, including the expanded spirituality scale) would be higher than in either of the control conditions; and 2. Coping skills would be higher in the MBSR group than in both controls, except in the area of active behavioral coping, for which both in the NEP and MBSR groups would be higher than the UC group. This latter prediction is based on the fact that through the NEP intervention, participants are provided with a specific behavioral approach (changes in diet) to actively cope with their breast cancer.
Regarding the secondary outcomes, it was hypothesized as follows:
3. Indices of emotional distress (anxiety, depression, overall distress and specific SCL-90-R indices of distress) would be lower in the MBSR than in either of the control conditions at post-treatment. Likewise, indices of emotional acceptance CEC were predicted to favor the MBSR group, as nonjudgmental acceptance of emotional and physical sensations is a key tenet of mindfulness-based interventions. 4. Variables related to personal growth or spirituality would be higher in the MBSR than in the two control conditions. This includes the spirituality scale of the FACT-B noted above and the scales of the SOC.
Statistical methods
Outcome variables were measured on a continuous scale. Univariate statistics were performed to check for adherence to the assumptions of normality and equal variance, as well as for the detection of outliers. To test the effectiveness of randomization, v 2 analyses were conducted on the categorical variables (e.g., demographics), and t tests were performed on the continuous variables.
It was noted that there was a difference between the date of enrollment into the study (recorded as baseline) and the actual start date of the trial. An adjusted baseline-start date was created as a calculation of the 4-month anthropometric measurement date minus 4 months. The adjusted date was used to determine temporal relationships and to control for time-related dependency in analyses.
Because this was designed as an RCT, we conducted an intention-to-treat analysis before examining the more complex associations in these data. Assuming 50 subjects per randomization group and adjusting for the baseline level of the outcome measure (QOL from the FACT-B), there was 83% power (to detect a difference of 2.5 on a 28-point scale) in the functional dimension, 99% power for the social dimensions, and 92% power to detect a 7.5-point difference (on a 112-point scale) in overall QOL. In general, statistical power was [80% for all other dimensions of interest, including coping methods and strategies and SOC.
Analyses were conducted for each of the 43 dependent variables using PROC MIXED. This method of linear regression allows fitting both fixed and random effects. Analyses were conducted using both intention-to-treat (ITT), which only takes into account whether or not a subject was randomized, and post-hoc analyses in which models were fit that included information on covariates from subjects who provided data at each measurement point. Data reported for 4-month, 1-and 2-year outcomes are the least-squares means (i.e., the multivariable-adjusted mean values) obtained from the model. In the models, treatment group was fit as a categorical variable, and the baseline value of the dependent variable was fit to control for important between-group differences. Potential confounding factors were controlled by fitting covariates as fixed effects in each regression model. Initial regression models were run both with and without outliers (i.e., [3 times the standard deviation from the mean), as it was unknown whether the extreme value was an error versus a meaningful measure of the given psychosocial factor (e.g., a subject with true depression). Unless a significant departure was detected, outliers were included in the analysis.
Stratified models were fit for subsets of the data based on baseline levels of expectation. Finally, analyses were conducted within the intervention groups to examine relationships with class attendance.
Results
One hundred ninety-nine women were eligible for the study: 180 (91%) enrolled and were randomized. Before data collection, 8 women left the study, and of the remaining 172, 165 provided at least one additional measurement (i.e., obtained at least one 4-month, 1-year, or 2-year time point). Of these 165 women, two did not have baseline data for any of the psychosocial factors analyzed in this article. Thus, the analytic sample consisted of 163 subjects (Fig. 1) . If a participant's baseline data were absent for a particular psychosocial factor, then the subject was eliminated from the analysis for that factor.
The mean age was 49.8 ± 8.4 years, and there was no difference in age by randomization condition. Table 1 shows baseline characteristics presented by intervention group. Exploratory analyses of demographic and medical factors determined success in study randomization, with no significant differences between intervention groups. Figure 1 shows levels of completion for all stages of study completion.
Because of our very high rates of study completion, ITT and post-hoc analyses (Table 2) produced essentially similar results. These were the only differences observed in the ITT analyses: (1) a significant difference between MBSR and NEP at the 2-year point (P = 0.04) on active cognitive coping; and (2) the difference between MBSR and NEP at the 4-month point on SCL-90-R-Depression became marginally significant (P = 0.06 as opposed to P = 0.05 in the multivariable model). Table 2 presents comparisons of major study outcomes that differ significantly across intervention/control groups. At 4 months, patients in the MBSR intervention group had significantly greater overall improvement than UC and NEP controls on a number of outcomes (Online Resource 1). In terms of primary outcome measures, MBSR participants had improvements from baseline in the spirituality subscale of the FACT-B, resulting in large differences from both the UC and NEP, and exhibited more active cognitive coping (in comparison to UC), with trends toward more active behavioral coping (in comparison to UC) and less avoidance coping (in comparison to NEP). Other between-group contrasts that emerged as marginally or significantly better in the MBSR group at 4 months included: depression and unhappiness (in comparison to NEP); paranoid ideation and anger (in comparison to UC); and hostility, meaningfulness, anxiety, and emotional control (in comparison to both).
Though similar to what was observed at 4 months, at 12 months (Table 2) , active behavioral coping scores decreased in UC, which resulted in an even larger significant difference compared to MBSR. At 12 months, the following were no longer significant: active cognitive coping, depression, hostility, paranoid ideation, meaningfulness, anxiety, unhappiness, and control. At 24 months, the differences were further attenuated, with the exception of patients in the MBSR intervention group having significantly better scores than UC subjects on the CEC Scale for unhappiness, anxiety, and overall emotional control. Across the different measurement scales, significant associations due to improvements in the MBSR group were most often seen at 4-months (immediately following program completion), and with the exception of spirituality, significant results at any time period were not maintained at 12 months. Overall, there was improvement in the MBSR group for the majority of the psychosocial variables, even though the changes may not have been large enough to produce a significant between-group relationship given the sample size limitations of the study. All are significant except those indicated by || which are marginally significant a FACT breast cancer version of the functional assessment of cancer therapy (FACT-B) [29] [30] [31] [32] , including additional spirituality items b DWI dealing with illness questionnaire [33] c SCL-90 symptom checklist-90-Revised [36] d SOC sense of coherence scale [40] [41] [42] e CEC courtauld emotional control scale [44, 54] || Marginally significant (i.e., 0.05 \ P B 0.10) Fig. 2 Mean FACT-B spirituality: group 9 time Unlike what we had shown previously in the NEP group [45] , results in the women with lower-than-average expectation of benefit were identical to those with higherthan-average expectancy (results not tabulated). Congruent with this result, when we stratified compliance data into four categories, from poor to excellent compliance, we found no association between class participation and level of expectancy for study groups.
Discussion
The BRIDGES results suggest that for early-stage breast cancer patients, benefits of an MBSR program include the ability to enhance acceptance (vs. avoidance or suppression) of emotional states; to reduce some, but not all, feelings of distress, such as depression, hostility, and alienation; to improve coping mechanisms and promote a more balanced regulation of emotional control; and to facilitate an increased sense of meaning and spirituality in relation to self, personal health, and recovery factors.
The results indicate that the NEP group produced improved levels of active-behavioral and cognitive coping that were not significantly different from the MBSR, and both were different from the UC group. The active-cognitive coping was contrary to our prediction, though the parallel with active-behavioral coping was hypothesized. It makes sense that a nutrition program could lead to improvements in active coping, as the knowledge and skills provided are potentially powerful tools to assist the breast cancer survivor. SCL-90-R Paranoid Ideation scores also were improved over the UC group and were no different from the MBSR. It seems that the social support and shared experiences from meeting weekly with other women with breast cancer has the effect of overcoming feelings of alienation. There is good evidence that the NEP was a highly credible intervention, in that the women lost an average of more than 2 kg, compared to no change in either the MBSR or UC groups [45] .
The indices for which the MBSR was uniquely effective are those related to reducing hostility, promoting more acceptance of emotions and less need to control them, and promoting an enhanced sense of spirituality and meaningfulness in the wake of breast cancer diagnosis and treatment. These are consistent with the results found in the other randomized MBSR/stress management breast cancer studies, though these had shorter follow-up and no attention control [13, 14, [16] [17] [18] .
It is interesting that some of the beneficial psychosocial effects of the MBSR intervention were not sustained beyond the immediate post-treatment interval. It could mean that this intervention simply has relatively short-term impact, as noted in one meta-analysis [46] . However, there are possible alternative interpretations. One issue is that many of our measures are focused on general distress, which in previous research has been shown to decline on its own in the year or two after cancer treatment, at least in the absence of a disease recurrence [47] . It also is true that the baseline mean levels of distress are well below any clinical cutoffs for depression and anxiety, as we did not screen specifically to include only those breast cancer patients with high distress; and, as has previously been noted [48] [49] [50] , this creates a ''floor'' effect that makes it difficult to show significant treatment effects. Had we included measurement scales of more cancer-specific worry, discrete distress may have been enduring, possibly showing a difference over a longer period of time. Overall, it appeared that, while emotional distress generally decreased over time in all groups, the women in the MBSR group reported their distress decreased more quickly (at the 4-month interval, rather than a year or two later). In addition, the most enduring effects were in the area of spirituality, the kind of longer-term shift in viewpoint that one would expect from an MBSR intervention, as seen in ''growth through adversity'' measures that have more recently been developed. Additional support for this possible interpretation is seen in the effects in acceptance of emotional states (several of the CEC subscales and total), with advantages of the MBSR intervention enduring into the 2-year follow-up. The issue of whether the statistically significant findings are clinically significant is somewhat difficult to address. Clearly, the distress measures for which clinical norms exist (SCL-90-R) indicate that the overall group means were well below any clinical cutoffs, a phenomenon seen in other samples of women with breast cancer [51] . On the other hand, even with the low baseline distress levels, women in the MBSR group on average dropped their distress scores by nearly half on depression and by more than half on hostility. There are no meaningful clinical cutoffs on the coping, spirituality, and emotional control measures, but the changes in these measures in the MBSR (or their advantage over the controls) considerably exceeded (sometimes by many-fold) the standard deviation of those measures in this sample at baseline.
Previous analysis of the NEP intervention showed that participants anticipating high potential benefits experienced better outcomes [45] . The NEP group results continued to exhibit a correlation with outcome and expectancy in this analysis; in contrast, expectancy level did not influence the outcomes of the MBSR intervention. This finding has promising implications for wide applicability in clinical practice because even if a patient might be doubtful of the benefits of stress reduction techniques, a strong potential for positive psychosocial outcome still exists. It also serves to reinforce the validity of the study's findings, arguing against the likelihood that the MBSR's treatment effects are attributable to a halo-effect of positive expectancy.
A major strength of our study is that it addresses the limitations of previous studies [12] by means of a randomized controlled design with two control groups, one for usual care and one for social support as well as attention. Also, follow-up extends longer than any previous study. Clearly, the NEP provided some active beneficial components in addition to group support and attention, namely, a very specific behavioral-coping approach for making dietary changes, which showed up as significant in comparison with the UC group (principally in active-behavioral coping and alienation) and which were not different from the MBSR. The three-group comparison allows us to isolate several effects that appear to be specific to the MBSR intervention: increases in spirituality (FACT-B) and acceptance of emotional states (CEC), both of which are issues specifically targeted by MBSR that appear to be relatively enduring over the 2-year follow-up; and increased active cognitive coping and reductions in symptoms of depression and hostility, primarily in the more immediate post-treatment interval. We also assessed expectations about the likely helpfulness of benefit from the intervention. The impact of such expectation, as a potential effect modifier in these intervention trials, has rarely been evaluated. Other benefits of the study included the wide range of psychosocial variables and the expanded control for potential confounding factors.
One limitation of this study included patient demographics and restricted generalization of results from this largely middle-class sample of women with a reasonable spread of education level, but with very little ethnic diversity. Another limitation was the utilization of multiple statistical tests. We do note that, however, [5% of results favoring the MBSR were significant at the nominal type-I (a) error rate of 0.05. Most of the data, and virtually all of the psychosocial measures, are obtained from self-assessment questionnaires rather than clinician ratings, and vital status data are not available for long-term survival analysis. Finally, because several different elements, such as meditation, yoga, psycho-educational materials, and group discussion, were used in the MBSR intervention, it is not possible to identify the ''key'' factors responsible for benefit; the intervention has to be evaluated as a whole.
The study demonstrates several potential benefits of MBSR practices for women with early-stage breast cancer. First, the study provided continued evidence that mindfulness practices contribute to better QOL in breast cancer patients, at least during the initial stages of diagnosis and treatment. Some studies indicate that better QOL has been associated with better survival rates in cancer patients because of lower levels of disease recurrence [52, 53] , which underscores the relevance of our findings. Second, our study demonstrates the emotional benefits of a psychosocial intervention in comparison to an educational group program. Third, subjects responded equally well to the mindfulness intervention regardless of expectation of benefit at the time of enrollment. This finding indicates that such MBSR interventions are helpful independent of expectation of benefit, and therefore may be more generalizable in that regard.
